Rheumatoid arthritis (RA) is a chronic, systemic autoimmune disease with unknown aetiology that causes the immune system to attack the joints (synoviums), leading to chronic inflammation. According to the traditional Chinese medicine (TCM), RA falls into the category of Impediment disease ("Bi" syndrome), that is, poor circulation of qi and blood (stasis).
Introduction
Rheumatoid arthritis (RA) is a chronic, inflammatory disease in which more than 3 peripheral joint areas including the metacarpophalangeal (MCP) joints, proximal interphalangeal (PIP) joints, metatarsophalangeal joints and wrists are involved 
Materials and Methods

Subjects
In this study, we recruited RA patients who were diagnosed by rheumatology physicians based on 1987 ARA criteria in the TCM internal medicine clinic. Patients under the age of 16
Unconscious patients
3.
Patients unable to protrude the tongue stably
Methods
First, the patients completed the general data and recorded the laboratory data including RF, CRP, and ESR. Then, an experienced TCM doctor performed four examinations of TCM, i.e., inspection, listening and smelling, inquiry, and palpation, on the patients. Special attention was focused on the inspection of tongue. Images of tongue and sublingual vessels, as shown in Figs. 3 and 4, were taken in a standardised environment by using a digital camera (Canon EOS400D) with an auxiliary light source (Brite Vision® LED ring light) under a uniform temperature (25℃) and humidity (60%). Every image of the tongue and sublingual vessels was inspected by three experienced TCM doctors, respectively. Features, including size, shape, colour, moisture and coating, of the tongue were observed and manually recorded.
Statistical Analysis
A generalised linear model for each of the three RA indexes -RF, ESR and CRP -with respect to the conventional criteria in tongue diagnosis was performed. The Statistical software, Minitab, provides not only the estimations of regression but also the ANOVA output. The linear model employed is listed below:
where Y denotes the RF, ESP or CRP index of the individuals, Z 1 stands for the indicator of whether an individual is diagnosed as being with purple tongue (PT), Z 2 is the indicator of whether an individual is diagnosed as being with stasis macules of tongue (SMT), and Z 3 indicates that an individual is diagnosed as being with sublingual blood stasis pattern (SBSP). Note that Z 1 , Z 2 and Z 3 assume only binary values 0 and 1, and this observation leads us to utilising the generalised linear model (1) as the means of analysis.
Results
We recruited seventy-eight patients for the study, and successfully completed a total of seventy-four cases. The reason for patients failing the study was that they could not complete the laboratory data. Participants ranged from 16 to 74 years old at an average age of 49.86±13.81 years old. Among them, 62 were females and 12 were males. The average RF was 225.3±373.8 IU/mL, the average ESR 40.9±31.9 mm/hr., and the average CRP was 1.21±1.97 mg/dl (with confidence level of 95% ). The probability of correct diagnosis, measured by the conventional criteria for determining the presence of the blood stasis including purple tongue, stasis macule on the tongue, and sublingual blood stasis pattern is 93.24%. The general data and laboratory data of the patients are listed in Tables 1 and 2 respectively.
From the summary of general data (Table 1) , laboratory data ( Table 2 ) and ratio of patients with different TCM tongue characteristics (Table 3) , we could see that the ratio of blood stasis pattern is 86.49%, while that of sublingual blood stasis pattern is 86.49%. The strong correlation between RA and blood statis demonstrates that RA can be reliably identified through the inspection of tongue by following the TCM theory of impediment disease. Table 4 , the RF index is statistically significantly correlated to the stasis macule of tongue. The other two indices, ESR and CRP, do not correlate to the three characteristics in Chinese tongue diagnosis. Besides, it is also interesting to study the relation between the three indices, RF, ESR and CRP, and the two patterns, Qi-stagnation pattern (QSP) and Blood Stasis pattern (BSP),that are used in Chinese medicine to determine the source of the disease.
Similarly, we also consider the generalised linear model since both QS and BS can be viewed as binary variables. The results are listed in Table 5 . We find that only the relation between the RF and the QS pattern was mildly statistically significant. We also analysed the relation between RF positive and blood stasis pattern. According Table 6 , we find there are 49 patients of RF-blood stasis positive. This finding is consistent with that of Table 1 , showing a high ratio of blood stasis pattern in RA patients.
Discussion
The present study is a preliminary research on the relation of tongue diagnosis of TCM and RA. The result of this research shows significant correlation between RF and stasis macule of tongue. Although purple tongue and sublingual blood stasis pattern also indicated blood stasis, it remains unclear whether only stasis macules of tongue and RF have strong Stasis macule of tongue is an important feature to diagnose blood stasis which may be caused by stagnation of qi, deficiency of qi or blood, trauma, or cold. It also occurs after long-term chronic disease. In TCM theory, blood stasis could
